One of the most unique and striking features of the mammalian epidermis is its morphological and functional polymorphism. This poses two fundamentally important and closely related problems in the biology of skin: Firstly, to elucidate the mode of origin of the numerous, apparently stable variants or differentia, involving both the superficial epidermis and its appendages and glands, and the intimately associated dermis, from a layer of embryonic skin of apparently uniform constitution; and, secondly, to define the mechanism(s) responsible for the faithful conservation of these regional specificities throughout life.
epidermal cells from any region of a pilosebaceous unit can produce a new hair follicle, usually, but evidently not always, under the influence of a preexisting dermal papilla (9, 10) ; (c) the fact that undifferentiated cells from hair follicles and the ducts of sweat glands can regenerate a perfectly normal superficial epidermis; (d) the rigid conservation of incisive boundaries between different types of epidermis throughout life, as exemplified by the stability of mucocutaneous junction lines such as that of the human lip; and (e) the ability of certain agents, including vitamins and hormones, to "switch" the progeny of germinal epithelial cells from one pathway of differentiation to another (4) .
Proponents of the second hypothesis believe that, although the basal layer cells of various epidermal differentia are indistinguishable, they nevertheless possess intrinsic differences of developmental origin,--differences which are perpetuated by some sort of somatic heredity mechanism which determines the particular pathway of cytodifferentiation to be followed (11, 12) . What has been construed as supportive evidence for this hypothesis are findings that thin, split-thickness grafts of skin characterized by distinctive types of superficial epidermis, e.g. sole of foot, cornea, and lingual epithelium of the guinea pig, usually retain their epidermal-type specificity indefinitely when transplanted to anatomically unnatural sites in other types of skin. The weakness of this kind of evidence lies in the fact that such thin grafts invariably include at least some of their own autochthonous dermis, which might well act as the source of inductive stimuli.
The experiments to be reported in this communication were designed principally to try to discriminate between the two, by no means mutually exclusive, hypotheses outlined above and to study the interrelationships between different types of epidermis of the integument and highly distinctive types of epithelia having epidermis-like properties found in the mucosas of tongue and esophagus of guinea pigs and hamsters, and in the mucosa of the cheek pouch of the latter species.
Principle of the Experiments.--There are two in vivo procedures capable of revealing the extent to which epidermal specificities are intrinsically maintained. The first requires transplantation of small grafts of "pure" epidermis of various types to extensive raw areas prepared by removal of the full thickness of the skin down to the panniculus carnosus muscle. The substrate for these grafts is the highly vascular granulation tissue that develops over the wound surface and differentiates into a sort of ad hoc dermis. The potentialities of epidermal grafts of various types can then be compared as they become established and extend peripherally, through migratory outgrowth, over such a wound bed. A variant of the above procedure that has been employed hitherto (12) turns upon the fact that when small, split thickness grafts are transplanted as "open-fits" to such full thickness beds, epithelium migrates out from their margins, unaccompanied by dermal elements, to produce annuli of pure epidermal epithelia whose potentialities can be studied as they grow on a highly vascular, unnatural mesenchymal milieu.
Unfortunately, pure epidermis is unable to prevent contracture of the wound surface it covers, with the result that the original wound margins progressively approach one another, totally obliterating even extensive areas resurfaced by epithelium of graft origin (13) . It may be emphasized that wound contracture does not prejudice the well-being of skin grafts that include only a thin dermal component. Hence, even in the rabbit where large full thickness wounds--up to about 8 X 10 cm in size--can be prepared, wound contracture normally limits the duration of such experiments to a maximum of about 3 wk, unless special methods are adopted to prevent contracture (14) . This observation period is insufficient to exclude the possibility that the grafted cell population may have passively carried over a sufficient amount of a specific hypothetical inductive agent which determines its subsequent short-term cytodifferentiative behavior.
The principle of the second procedure is essentially the one so successfully employed in several recent embryological studies of the interactions between prospective epidermis and dermis in the differentiation of skin (1, 5). It simply involves preparing viable sheets of superficial epidermis from skin displaying one distinctive type of epidermal specificity and combining them with dermis from skin displaying another type of specificity to produce epidermo-dermal "recombinant" grafts which are transplanted to full thickness beds prepared in trunk skin. These grafts can be maintained under observation for an indefinite period--at least for the time necessary for the epidermis to renew itself several times (15) .
Materials and Methods
Experimental Animals.--Wherever possible the work was carried out on adult members of domestically maintained isogenic strains so that donors could be killed, the required tissues removed aseptically, treated in vitro as required, and then transplanted to genetically compatible hosts. The use of heterogeneous stocks imposes severe limitations on the types of experiment that can be performed, precluding, for example, grafting experiments with esophageal tissues since the donor has to be the recipient.
Guinea/rigs were derived from the tricolored (black, white, and red) strain 13. The color phenotype of these animals was especially favorable since melanocytes (16) could be used as epidermal "markers" when epidermis from a pigmented region was combined with a dermal derivative from a nonpigmented region.
Hamsters belonged to the isogenic LSI-I strain of agouti or so-called "golden" phenotype. Rats were of the Lewis (albino) or BN (chocolate) strain. Rabbits were outbred albinos, since no isogenic strains of this species are available. Operative Procedures and Preparation of Grafts.--Most of the operative procedures employed have been described in full detail elsewhere (17) .
Esopkageal mu~osa, comprising the epithelium together with its immediately underlying connective tissue stroma, was prepared by removal of the esophagus in its entirety, carefully rinsing it with Hanks' solution containing 2000 units of penicillin/ml and then opening it up along its entire length by a longitudinal incision. It was then pinned out, epithelial surface uppermost, blotted dry with sterile gauze, and a thin film of vaseline appfied. By lifting up the mucosa at one end of the strip of tissue with fine forceps, it could be completely freed from its muscle component with the aid of fine scissors.
Lingual mucosa includes the epidermis and an exceedingly thin layer of connective tissue that firmly knits it to muscle, from which it cannot be dissected cleanly. After removal of the entire tongue, carefully cleaning it with a 5% aqueous solution of Dettol (Reckitt and Sons, Ltd., Hull, England), and applying a thin layer of vaseline over its surface, fairly thin grafts were cut and as much as possible of the residual muscle trimmed off with fine, curved scissors.
Cheek pouch mucosa or "skin" of the hamster was obtained and freed of its areolar connective tissue as described elsewhere (18) .
Sole of foot, ear, and trunk skin grafts were obtained according to our standard procedures (17) . Hair-bearing skin was carefully shaved before split thickness grafts of it were cut.
Separation of epidermis from its dermis, i.e. skin "splitting," was effected enzymically, with the aid of a 0.5% solution of commercial trypsin in Hanks' solution at pH 7.4-7.8 at 4°C (17) . Although tryptic digestion of the skin at 37°C achieves a more rapid dissolution of the epidermo-dermal union, it tends to loosen the mutual adhesions of the Malpighian cells, so that variable degrees of epidermal maceration may result. Exposure to the enzyme at 4°C greatly reduces this undesirable side effect (19) . With types of skin where the superficial epidermis was thick and relatively robust, the split thickness grafts were floated on excess trypsin solution, epidermal surface uppermost. This was facilitated by their prior inunction with vaseline. Periodically, a graft was removed, rinsed in Hanks' solution, excess fluid blotted off, and then placed fiat on the bottom of a large Petri dish, epidermis downwards. If the tryptic digestion process has proceeded long enough, the dermis can be "peeled" cleanly away from the epidermis with the aid of fine-pointed forceps, preferably under a dissecting microscope, leaving the epidermis as an intact sheet. Over-trypsinization leads to loosening of the attachments between the epidermal cells so that the anatomically deeper layers of cells become dissociated. Once the optimal time required for separation of the epidermis for a given type of skin had been determined empirically, it was found to be constant for grafts of the same thickness, for the same batch of trypsin medium. Separation of epidermis from ear skin usually required only about 60 min exposure to the enzyme, whereas with sole of foot or tongue skin several hours' exposure was necessary before clean separation was possible. The action of the trypsin was arrested by transferring the separated skin components to Hanks' solution containing 20% calf serum.
Very thin types of epidermis such as those of guinea pig trunk skin, hamster ear skin, or esophageal mucosa are exceedingly delicate to handle unless specially supported. In these instances, the initial vaselined grafts were spread out, cuticular surface lowermost, on pieces of vaseline4mpregnated cigarette paper placed on the bottom of a Petri dish to which they became firmly adherent. With the aid of a pipette, a thin film of the trypsin solution was then placed over the exposed dermal surfaces of the grafts. This solution was removed and replaced with Hanks' solution when the time came to disengage the dermis. Subsequent grafting operations were carried out by transferring the sheets of paper with their attached tissues. When the grafts were in place, the vasefined cigarette paper constituted the immediate graft dressing.
Transplantation Procedure.--The dermal sheets were transplanted to full thickness beds of appropriate size, cut in the lateral thoracic wall of the hosts' chests. Delicate epidermal grafts were transferred to them as described above, thicker types of pure epidermis were transferred with the aid of a spatula. The size of the guinea pig is such that its thoracic wall can accommodate as many as four to six different recombinant grafts. Because of their smaller size, hamsters only received single grafts.
Suspensions of epidermal cells, predominantly cells of the Malpighian layer, free of all identifiable dermal components, were prepared with the aid of trypsin from hamster's cheek pouch skin (20) or from the tail skin of rats (21) . These ceils were dispensed in Hanks' solution by procedures described elsewhere.
Dressings.--Fine~meshed tulle gras was placed over the grafted area, followed by a surgical gauze pressure pad. This was held in place under moderate vertical pressure by winding 1-2 inches wide bandage four to six times around the entire thorax, under moderate tension, followed by the application of a similar number of turns of plaster of paris impregnated bandage of similar width. To eliminate any chance of the dressings slipping posteriorly, the skin around the edge of the tulle gras was painted liberally with a surgical adhesive (e.g. Mastisol) before applying the gauze and bandage (17) .
Inspections.--I~rimary inspection of the grafts was carried out 8-10 days postoperatively and subsequent inspections were made at approximately 4 day intervals thereafter. Dressings were replaced and maintained until the entire operation field was epithelialized.
Biopsy specimens were fixed in Bouin's fluid, embedded in paraffin, sectioned at 8-10/~ and stained with Ehrlich's hematoxylin and eosin.
OBSERVATIONS

Epidermo-Dermal Recombinant Grafts from Trunk, Sole of Foot, and Ear Skin in the Guinea Pig
In the guinea pig there are striking differences between the epidermis of the skin of the trunk, the sole of the foot, and of the ear, and certain less obvious differences between their dermal substrates, such as thickness and coarseness of their fibrous architecture (22) .
Trunk skin (Fig. 1 ) bears a dense hair follicle population; its dermis is very thick and its superficial epidermis is thin, presenting a relatively flat surface of contact with its underlying dermis. The stratum corneum or "cuticle" of the epidermis is relatively thin and of open texture. Outlines of the remnants of individual cells can usually be distinguished in transverse sections of the cuticle.
Ear skin (Figs. 2--4 ) is characterized by a sparse crop of short hairs, a relatively thin dermis, and by a much thicker superficial epidermis than body skin. As seen in transverse section, the basal layer of this type of epidermis presents a shallow, furrowed interface with its subjacent dermis. Apart from being thicker, the cuticle resembles that of body skin. (Figs. 5-7) is smooth, hairless, and devoid of glands. The epidermis is thick and presents a deeply furrowed interface with the dermis as seen in transverse sections. Actually, as revealed by whole mount preparations of the entire epidermis, viewed from their lower surfaces, it is a partially perforate plate of tissue, the "holes" normally being occupied by the so-called dermal papillac conical upward projections of the superficial dermis. The cuticle of sole of foot epidermis is exceedingly tough, thick, and compact and the outlines of its component cells can rarely be distinguished because of the drastic transformations they have undergone.
Sole of foot skin
Inasmuch as the specific features of these three different types of superficial epidermis are rigidly and permanently conserved when they are transplanted heterotopically as split thickness skin grafts (I 1), the initial series of experiments (Table I) were carried out on recombinant grafts originating from their separated dermal and epidermal components. With trunk skin one additional maneuver was adopted to achieve a similar end. A sprit thickness bed was prepared on a carefully shaved and vaselined area on the side of an animal's chest by removing a thin sprit thickness graft. Such a wound is normally resurfaced with great promptitude through the migratory activity of epithelium from the truncated hair follicles and the new epidermis displays trunk specificity. Consequently, epidermal grafts of various types transplanted to such beds constitute recombinants with trunk dermis.
Two feasible essential conditions for this experimental approach are: (a) the enzymic separation technique must not compromise the viability of either the dermal or the epidermal component; and (b) epidermal sheets, combined with their own dermis, must give rise to grafts displaying the original epidermal specificity. Ear ( Evidence as to the viability of the epidermal components employed was forthcoming from tests in which the isolated epidermis was transplanted to full thickness beds on the hosts' chests. These consistently produced overt hyperplastic epithelial coverage on the wound within 8-10 days which, of course, soon disappeared with contracture (See Table I ).
With all types of dermal substrate employed, the surface or papillary layer was always lightly scraped with fine cataract knives to minimize the risk of residual Malpighian cell contamination. Furthermore, in nearly all the experiments, pigmented epidermis was recombined with dermis prepared from white skin, to take advantage of the melanocytes as "markers." As Table I shows, with recombinant grafts produced from skin of the ear, trunk, or sole of the foot, the epidermal specificity displayed by the regenerate was consistently that normally associated with the particular type of dermis tested (see
Figs. 8 and 9).
Suggestive evidence that the source of the putative inductive stimulus is not confined to the superficial layer of the dermis was forthcoming when it was found that pigmented ear skin epidermis, transplanted to well-scraped white sole of foot dermis in which all trace of dermal papillae had been removed, gave rise to a pigmented superficial epidermis that displayed an unmistakable sole of foot epidermal stratigraphy (Fig. 9 ). Even more compelling was the finding that ear skin epidermis placed upon an inverted layer of sole of foot dermis also regenerated an epidermis characteristic of the sole.
When grafts of pigmented ear or sole epidermis were transplanted to sprit thickness beds prepared in white trunk skin, pigmented epidermis of trunk type resulted.
In summary, therefore, in all the experiments so far described the epidermal specificities of the recombinant grafts seemed to be completely determined by their dermal component.
Recombinant Grafts with Tongue and Esophageal Epidermis in Guinea Pigs
A rather sharp distinction can be drawn between the epidermis of a guinea pig's tongue on the one hand and those of its ear, sole, and trunk on the other hand. The striking or distinguishing features of lingual epidermis are its lack of a stratum granulosum and the exceedingly compact, homogeneous nature of its cuticle which, as seen in transverse section, is made up of apparently continuous thin, acellular, lamellae of uniform structure (Fig. 10) . Split thickness grafts of tongue transplanted to full thickness recipient areas prepared in a guinea pig's trunk soon develop thick, hard, strongly adherent cuticles that are quite different from those found on sole grafts (11) . Esophageal epithelium resembles that of tongue fairly closely (Fig. 11) , and grafts of esophageal mucosa have been found to maintain their epithelial specificity and generate harder but slightly more brittle cuticular masses than tongue grafts when transplanted to the environment of the integument of the trunk.
In a significant proportion of recombinant grafts, produced by placing small rectangular grafts of pure lingual or esophageal epithelium over the central regions of larger sheets of scraped sole of foot or ear skin dermis, central areas of hyperkeratinization were noted within 15-20 days of grafting. These slowly increased in thickness (Fig. 12) . Histological examination of such composite grafts when they were of at least 100 days' standing confirmed that their lingual or esophageal moiety had in-deed maintained its specificity to a remarkable and unequivocal extent (see Table  II and Figs. 13-15) .
However, when grafts of lingual or esophageal epidermis were transplanted to split thickness beds in trunk skin, there was no evidence of any retention of their specificity. Either (a) the grafts had failed to survive, (b) they had survived but the regenerate epidermis had received such a high cellular contribution from follicular epidermis that it behaved overtly like body skin epidermis, or (c) body skin dermis is a more powerful inducer than ear or sole dermis. In an additional series of experiments, tongue epidermis was recombined with grafts of trunk dermis. Again, although the dermal sheets healed in well and rapidly became epithelialized, there was no hint of retention of lingual epidermal specificity (see Table II ), confirming the findings obtained when similar epidermal grafts were transplanted to intact "split thickness" dermis.
Recombinant Grafts with Lingual, Esophageal, and Cheek Pouch Epidermis in Hamsters
To corroborate and extend the findings of the experiments conducted in guinea pigs, essentially similar studies were carried out on hamsters (Table III) . These animals have relatively large pinnae that bear sparse crops of short hairs. Large sheets of ear skin dermis, about 1.8 X 1.8 cm, which are heavily pigmented because of an abundance of intradermal melanocytes, were used as the dermal substratum for the various recombination experiments to be described (Figs. 16-17) . Again, it has to be borne in mind that, even after scraping the surface of sheets of ear skin dermis, sufficient residual follicular epi- dermis remains to enable these grafts to regenerate a new superficial epidermis of their own accord within about 10 days, and rapidly resume the appearance of normal ear skin in finest detail.
Split thickness beds were also prepared in shaved trunk skin as before and used as recipient sites for sheets of pure epidermis. Preparation of these beds is difficult in the hamster on account of the thinness of trunk-dermis--it is less than a millimeter thick.
Lingual and esophageal epithelia of hamsters (Figs. 18 and 19 ) resemble those of the guinea pig sufficiently closely in structure to require no special comment. The particular advantage of hamsters is that they afford an additional type of epidermis for recombination studies. Their paired, highly distensible cheek pouches are lined by a stratified epithelium which is totally devoid of appendages and glands and has a delicate, compact cuticle (Fig. 20) . Relatively large intact sheets of this epidermis can easily be isolated by trypsinization of the excised cheek pouch "skin" after removal of areolar connective tissue (Figs. 21 and 22) .
Lingual Epidermis Recombined with Ear Dermis.--In each of nine animals an approximately 5 X 6 mm rectangular sheet of lingual epidermis was carefully spread out over the center of a sheet of scraped ear dermis of much larger size which had just been transplanted to a full thickness bed on the side of the chest of an isogenic host. By the 9th postoperative day the dermal sheets were covered with a healthy epidermis of uniform appearance and by about the 14th day central rectangular areas of thickened cuticle could be discerned in six of the animals, indicating surviving lingual epidermis. This cuticle became progressively thicker and tougher and was firmly adherent (Fig. 23) . Histological examination of grafts of 120 days' standing confirmed that the tongue epidermis had faithfully conserved its specificity (Fig. 24) .
The finding that, in both guinea pigs and hamsters, lingual epithelial cells behave as a lineage sui generis when combined with dermis from the ear or sole is in accordance with the results of studies on the fates of pure epidermal grafts prepared from ear skin and tongues of three rabbits and transplanted as autografts to large, full thickness beds on their thoracic walls. Whereas the ear grafts gave rise to hyperplastic, fully stratified, and heavily keratinized epidermis with a scaly, rather waxy surface, the lingual grafts produced a multilayered epidermis which was characterized by an exceedingly tough cuticle and the absence of a stratum granulosum.
Esophageal Epidermis Recombined with Scraped Ear Dermis.--Seven hamsters received large sheets of ear skin dermis at the centers of which were transplanted approximately 10 X 4 mm strips of isologous esophageal epidermis. In four cases persistent central areas of hyperkeratinization developed, closely resembling those derived from lingual epithelium. Again, microscopic study of biopsy specimens taken from grafts of more than 100 days' standing confirmed that the esophageal epidermis had retained its specificity (Fig. 25) .
Pouch Epidermis-Ear Dermis.--Of eight large ear skin dermal grafts that were completely covered by sheets of pouch epidermis, all initially assumed a typical ear skin appearance. From about 30 days onwards, however, extensive rather sharply demarcated areas of thin, rather delicate whitish cuticle developed on six of the grafts (Fig. 26) . This cuticle could easily be removed by light scraping but was soon regenerated. Biopsy specimens taken from grafts of 200 days' standing confirmed that the pouch epidermis had indeed conserved its specificity (Fig. 27) . It should be noted that pouch skin epithelium growing on ear skin dermis is quite unlike epithelium from either tongue or esophagus growing on the same substrate.
Transplantation of Tongue and Pure Cheek Pouch Epidermis to Split Thickness Beds in Trunk
Skin.--To try to resolve the total failure of pure lingual or esophageal epidermal grafts to express their specificity when transplanted to split thickness trunk skin beds in guinea pigs, lingual and pouch skin epidermal grafts were trans-planted to beds of this type in hamsters and observed for 100 days. At no time was there the slightest hint that the grafts had maintained their specificity.
The Fate of Pouch Skin Dermal Grafls.--It was found that pouch skin dermis, from which the epidermis has been removed, can regenerate a new epidermis from relatively few contaminating superficial epidermal cells, though the regenerated graft tends to undergo severe contracture. When pouch skin dermis was well scraped to minimize the risk of epidermal cell contamination and then grafted as a recombinant with ear skin epidermis, a smooth, highly contracted epithelialized scar soon resulted and no meaningful conclusions could be drawn concerning the fate of the ear skin component. Because of this tendency of pouch dermis to contract, it was unsuitable for the production of recombinant grafts.
Miscellaneous Studies
Experiments with Epidermal Cell Suspensions.--Suspensions of completely dissociated viable epidermal cells, without trace of contaminating fibrous elements and almost certainly with few dermal fibroblasts, can easily be prepared from the tail skin of rats or from the cheek pouch skin of hamsters. Since the capacity of epidermal grafts to survive in vivo under conditions that deprive them of contact with dermis has been questioned (23), it was decided to investigate the fate of suspensions of isologous epidermal cells injected into the hamstring muscles of rats and hamsters.
Aliquots of 0.1 ml of Hanks' solution containing 5 × l0 s epidermal cells in suspension were injected into the hamstring muscles via a No. 30 gauge hypodermic needle. A suture was placed in the muscle sheath over each inoculation site to facilitate its future location. Mter 90 days the animals were killed and the sites carefully explored under a low power dissecting microscope.
At 3 of 10 inoculation sites of tail skin epidermal cells in BN rats, several small, firm, whitish nodules about 1 mm in diameter were found embedded in the muscle. Histological examination revealed that these were epidermal cysts with accumulations of desquamated keratin within (Fig. 28) . The basal layer of these cysts was separated from the underlying muscle by a thin layer of collagen. Sebaceous glands were prominent and numerous in all specimens. These glands opened directly into the lumens of the cysts.
Of particular interest was the presence of one or more hair follicles in association with each cyst, complete with pigment cells in its matrix.
Clearly the fate of suspensions of epidermal cells of various types in nondermal environments requires further study, with experiments of much shorter duration. So far as they go, the present results suggest that rat tail skin epidermal cells--principally derived from the superficial epidermis--may survive for months in the milieu afforded by muscle, organize themselves into cysts, and differentiate sebaceous glands and even a few hair follicles de novo.
The results of six independent tests of inoculating aliquots of 5 X l0 s million cheek pouch epidermal cells intramuscularly into hamsters were disappointing as there was no hint as to their fate when the sites were examined 90 days later. Epithelium.--A common, if not a defining, char- acteristic of all epidermal derivatives studied so far seems to be the capacity of their apparently undifferentiated germinal cells to produce a keratinizing superficial epidermis on an extensive wound when given the opportunity to do so. This is exemplified by the capacity of follicular and/or glandular epithelium to resurface areas of skin from which the entire superficial epidermis, together with some of the dermis, has been removed.
Studies on Mammary Gland
The primordia of mammary glands are formed relatively early in ontogeny and it seemed worth investigating whether the specialized cells constituting the secretory alveoli and their associated collecting sinuses still possess the capacity to generate superficial epidermis.
In each of five female rabbits (one lactating and four virgins), an incision was made in the skin of the belly, about 1 cm from a nipple, and some of the mammary gland tissue excised, together with the panniculus carnosus in which it was embedded. With the aid of fine curved scissors, the excised tissue was cut up into a coarse suspension in Hanks' solution, and then distributed as evenly as possible over an extensive full thickness bed--about 8 X 10 cm--prepared in the skin of the thoracic wall of the animal from which it had been removed. 10 days after the operation, numerous small glistening recessed areas were evenly distributed over the surface of the granulation tissue that filled the wounds on each animal. During the next few days, these recessed areas became the centers of loci of epithelial outgrowth. Coalescence of the individual "islands" of epithelium soon took place, so that by about the 18th-20th day the entire wound was completely resurfaced by a heavily kerafinized hyperplastic epidermis of mammary gland origin (Fig. 29) . Histologically this epidermis was indistinguishable from that which migrates from small fragments of ear or trunk skin or isolated ear skin epidermis transplanted to similar beds.
A similar test of the capacity of mammary gland fragments to regenerate superficial epidermis was carried out in rats. Young adult females received either autografts or isografts of coarse suspensions of mammary gland tissue spread out over full thickness beds about 4 X 4 cm prepared on the lateral thoracic wall. Irrespective of whether the glandular tissue was active, being derived from a donor whose litter had recently been weaned, or whether the tissue was inactive at the time of grafting, in only 1 of 10 rats did a keratinized epidermis develop on the grafted site over a 20 day observation period. Histological examination of biopsy specimens removed from the grafted sites on the 17th postoperative day confirmed that the mammary tissue grafts had indeed become established and given rise to small, healthy alveoli and sinuses which were deeply embedded in the granulation tissue of the wounds. No satisfactory explanation can be offered for the apparent reluctance of mammary tissue grafts to produce superficial epidermis in this species.
DISCUSSION
The present studies have failed to sustain the thesis that the epidermis of the sole, the ear, and the general hair-bearing skin of the guinea pig's trunk represent different true-breeding lineages of cells.
The results of less discriminatory heterotopic transplantation tests conducted upon mammary gland tissue in rabbits indicate that here, also, the stem epithelial ceils and their progeny are not irreversibly committed to one particular mode of cytodlfferentiation and function, for they can certainly produce a perfectly normal-looking superficial epidermis given the opportunity to do so.
The almost consistent failure in rats of isologous mammary gland fragments to produce superficial epidermis on transplantation to full thickness cutaneous beds is surprising in view of the positive findings in rabbits. Certainly one cannot exclude the possibility that there is a profound biological difference between mammary gland epithelium in these two species. However, an important observation that could account for these disparate results is that, in rabbits, epithelial ingrowth from the margins of full thickness wounds over the developing granulation tissue takes place rapidly and the epidermis of migratory origin is fairly robust and furnished with a thick cuticle. In rats, on the other hand, epithelial ingrowth takes place more slowly and the product is exceedingly delicate and easily torn from its mesenchymal substrate with the dressings when these are removed. Consequently, epithelium may indeed have grown out from all the heterotopicaUy transplanted rat m~mmary tissue fragments but escaped detectic ~ because of inadvertent removal in toto. The results of preliminary studies o ~ the fate of pure epidermal grafts in this species sustain this interpretation.
If transplanted fragments of mammary tissue in women behave as do similar grafts in rabbits, this may be of clinical significance. Mammary tissue might constitute a useful reserve of epithelium to provide at least temporary coverage in cases of accidental full thickness skin destruction or loss through burning, etc.
Despite the incisively definitive histologic structure of its differentia, current evidence provides no valid basis for questioning the equipotentlality of the stratum germinativum throughout all the variants of the integumentary epidermis. Thus the morphological diversity which is observed must be the outcome of some kind of specific, chronically active, strictly localized, inductive or morphogenetic stimulus(i) of dermal origin.
The only evidence that the superficial epidermis may have some regionally distinctive, intrinsically determined properties derives from classic feather papilla transplantation studies of Lilly and Wang (24, 25) carried out on adult chickens. These investigators transplanted feather papillae, experimentally deprived of epidermal cells, to empty follicles of a different tract, where they became resurfaced by host-follicle epidermis. Because the feathers that regenerated were always of host type, it was concluded that feather-typo specificity is determined by the epidermis. Essentially similar findings have recently been obtained by Cohen (26) with hair follicle papilla grafts in rats. However, this investigator seriously questions the validity of the evidence that tract specificity resides in the epidermis. He argues cogently that the dermis ira-mediately surrounding the papilla grafts may be the decisive factor in determining the type of feather specificity which results.
Any experimental analysis of the origin and modus operandi of the postulated specific inductive stimuli of dermal origin that seem to be responsible for the conservation of regional epidermal specificities throughout life must take into account the following: (a) prior obliteration, by scraping, of the papillary layer of the dermis of a hetero-or homotypic recombinant graft does not seriously impair its capacity to dictate the specificity of the epidermal moiety; (b) inverted sole of foot dermis still displays its characteristic inductive effect; and (c) it is notoriously difficult permanently to destroy finger prints even by drastic derm-abrasion or treatment with harmful chemical agents.
In the light of these considerations, it is possible to account for the stability of the incisive junction zones, either natural or those produced by grafting, between "phenotypically" different types of epidermis in terms of covert differences in the underlying dermis, almost certainly at the cellular level (8) .
It is now firmly established that in adult mammals hair follicle papillae can be formed de novo under the influence of epidermis, either in normal dermis (9, 10) , or in the ad hoc dermis, or scar tissue formed by the transformation of granulation tissue in full thickness cutaneous wounds (13, 14) . The present finding that suspensions of pure rat tail epidermal cells injected into muscle may also be capable of influencing or interacting with local mesenchymal cells to form dermal papillae and organize themselves around these in the form of typical follicles is, therefore, not entirely unexpected. In current studies, suspensions of pure isologous epidermal cells injected beneath the renal capsules of rats have been found to give rise to epidermal cysts that looked perfectly healthy when examined a few weeks later. Such observations constitute a serious challenge to the thesis that survival of pure skin epithelium, freed from connective tissue, is skin dependent (23) .
In marked contrast to the equipotential behavior of basal layer cells throughout integumentary epidermis is the behavior of three different types of keratinizing epidermis-like epithelia: those of tongue, esophagus, and the hamster's cheek pouch. With one possible reservation, the specific differentiative behavior of these epithelia is highly resistant to the influence of alien types of dermis in heterotypic recombinant grafts. This suggests the operation here of intrinsically determined programs of cytodifferentiation and justifies, at least provisionally, belief in some kind of somatic heredity mechanism. The reservation, of course, is the consistent failure of each of these types of epidermis to express its specificity when transplanted to a split thickness bed in trunk skin. This could be ascribed to the influence of a much stronger inductive stimulus than those produced in sole or ear skin dermis--embryological evidence indicates that presumptive dermis in different regions of the body may differ considerably with respect to its capacity to induce specific types of epidermis (5) . However, we believe that it is more likely to be due to a dilution of the grafted epithelial cell population with a residual native one of follicular origin so that a chimeric superficial epidermis results that expresses the specificity of the native cells. It is also possible that in a mixed population of cells the indigenous ingredients enjoy a selective advantage.
There is evidence that esophageal epithelium may have at least one alternative pathway of differentiation open to it. According to Hopper and Matthews (27) , in adult mice it may become a columnar ciliated or mucus-secreting epithelium when transplanted to the anterior chamber.
Although more critical analysis is required, several findings suggest that some of the properties which distinguish corneal epidermis from that of the integument are also innately determined. Pure corneal epithelium behaves quite differently from ear skin epidermis when it is made to grow on extensive full thickness skin wounds, conserving its histological specificity (12) . It is less certain whether any meaningful distinction can be drawn between the epithelium of cornea and that of the contiguous conjunctiva, since the former seems to be perfectly capable of making good a loss of the latter in lesions affecting the limbal region of the cornea (28, 29) .
The work described has established that one system of epidermal epithelia is pluripotential, and "modulates," in the terminology of many authors (but see reference 30), whereas other types of epidermis-like epithelia, such as that of tongue, behave in certain experimental situations as if their differentlative potential is restricted to a single modality which is to a large extent intrinsically determined. To consolidate this thesis would require additional tests to deter° mine the influence of dermal equivalents of esophagus or tongue on sole of foot or ear skin epidermis. For one reason or another, such tests are not feasible technically and, consequently, we have no means of deciding whether the above categorization is real or merely reflects the particular dermo-epidermal combinations examined. For example, it is conceivable that neither ear skin epidermis nor that of the sole would be influenced in its cytodifferentiative behavior by a mesenchymal substrate prepared from tongue or esophagus.
The observed conservation of lingual epithelial specificity on alien mesenchymal substrates may require a population of contiguous tongue cells of a certain minimal number. If this is the case, then the colligative property of these cells might be irreversibly lost if they could be propagated in vitro in monodisperse form and then grafted in vivo (31) .
The well-established and important principle of pathology that remote metastases of the majority of carcinomas, growing in a variety of alien tissue milieux, faithfully conserve the distinctive cytological properties of the primary tumor and those of its normal cell counterparts (32) , lends some support to the thesis of epidermal categorization.
Certainly, in the light of the findings of recent embryological studies in-volving nuclear transplantation (33), it does not seem likely that the distinctive properties of different types of epidermis can be accounted for by irreversible genetic changes.
SUMMARY
To determine whether the factor(s) responsible for the conservation of epidermal specificities in adult guinea pigs and hamsters resides in the germinal layer of the epidermis or in the dermis, thin grafts of skin, possessing qualitatively distinct regional characteristics, were separated into their superficial epidermal and dermal components with the aid of trypsin. Dermis of one type was combined with epidermis of another to produce "recombinant" grafts which were then transplanted to small, full thickness cutaneous sites on the thorax of genetically compatible hosts. A variant of this procedure involved transplanting sheets of superficial epidermis of various types to shallow split thickness recipient areas in the skin of the thorax. All grafts were maintained for 100 days before they were excised and examined histologically.
The results indicate that, whereas the dermis determines the kind of epidermis produced in recombinant grafts involving the ear, the sole of the foot, and the trunk, this is not the case in recombinants which include tongue, esophageal, or cheek pouch epithelia. The one exception to this occurred when tongue or esophagus epithelia were transplanted to split thickness beds in trunk skin. Here they appeared to produce an epidermis characteristic of their new location. It is believed that this exception is probably due to the fact that the native follicular epidermis present in trunk dermis made such a substantial contribution to the new superficial epidermis that it behaved overtly as body skin epidermis.
Taken together, these results suggest that basal layer cells of the superficial epidermis of sole of foot skin, ear skin, and the hair-bearing skin of the general integument behave as if they are equipotential, and that in adult life maintenance of these particular epidermal specificities is the outcome of persistent specific inductive stimuli from the underlying dermis.
The results of subsidiary experiments are reported which indicate that the epithelial component of mammary gland tissue is also pluripotential, being capable of producing, under appropriate conditions, a normal-looking, fully stratified superficial epidermis. 
EXPLANATION OF PLATES
All specimens were stained with hematoxylin and eosin. Fro. 7. Section of sheet of guinea pig sole dermis from which the epidermis has been enzymically removed. Note the conical elevations representing the dermal papillae and the absence of contaminating Malpighian cells. X 35.
FIG. 8. Section through recombinant graft of pigmented sole epidermis with white ear skin dermis of 100 days' standing. The epidermis is pigmented and, with respect to stratigraphy, cuticle, etc., is practically indistinguishable from that of the skin of the ear (see Fig. 2 ). X 75.
FIG. 9. Section through recombinant graft of pigmented guinea pig ear epidermis with scraped white sole dermis. The pigmented graft is of 100 days' standing and its epidermis closely resembles that normally associated with sole dermis (see Fig. 5 ). X 75. Recombinant tongue epidermis pigmented ear skin dermis graft 25 days after transplantation to white skin area on the right side of a guinea pig's chest. Peripherally the ear skin graft has regenerated an intensely pigmented superficial epidermis. However, at the center of this graft a conspicuous white oval sheet of hard keratin can be seen that overlies the lingual epithelium. X 1.
FIG. 13. Section through recombinant tongue epidermis-scraped sole of foot dermis graft of guinea pig of 100 days' standing. Note that the lingual epidermis has conserved its structural characteristics (see Fig. 10 ). X 35. Fie. 26. Recombinant pouch skin epidermis-pigmented ear skin dermis graft transplanted to right side of a hamster's chest 160 days previously. The black mottled area represents the ear skin graft with its dermal pigmentation covered by nonpigmented pouch skin type epithelium with a fine white "branny" desquamating cuticle. Section through a sheet of hyperplastic, fully stratified epidermis of mammary gland origin, growing on a granulating wound bed on a rabbit's chest. The area was "seeded" with autologous mammary gland fragments 13 days before the specimen was removed. X 75.
